Background: There are limited data regarding prolonged extracorporeal membrane oxygenation (ECMO) support, despite increase in ECMO use and duration in patients with respiratory failure. The objective of this study was to investigate the outcomes of severe acute respiratory failure patients supported with prolonged ECMO for more than 28 days. Methods: Between January 2012 and December 2015, all consecutive adult patients with severe acute respiratory failure who underwent ECMO for respiratory support at 16 tertiary or university-affiliated hospitals in South Korea were enrolled retrospectively. The patients were divided into two groups: short-term group defined as ECMO for ⩽28 days and long-term group defined as ECMO for more than 28 days. In-hospital and 6-month mortalities were compared between the two groups. Results: A total of 487 patients received ECMO support for acute respiratory failure during the study period, and the median support duration was 8 days (4-20 days). Of these patients, 411 (84.4%) received ECMO support for ⩽28 days (short-term group), and 76 (15.6%) received support for more than 28 days (long-term group). The proportion of acute exacerbation of interstitial lung disease as a cause of respiratory failure was higher in the long-term group than in the short-term group (22.4% versus 7.5%, p < 0.001), and the duration of mechanical ventilation before ECMO was longer (4 days versus 1 day, p < 0.001). The hospital mortality rate (60.8% versus 69.7%, p = 0.141) and the 6-month mortality rate (66.2% versus 74.0%, p = 0.196) were not different between the two groups. ECMO support longer than 28 days was not associated with hospital mortality in univariable and multivariable analyses. Conclusions: Short-and long-term survival rates among patients receiving ECMO support for more than 28 days for severe acute respiratory failure were not worse than those among patients receiving ECMO for 28 days or less.
Introduction
Extracorporeal membrane oxygenation (ECMO) is a therapeutic modality for treating severe acute respiratory failure that has been refractory to conventional support. 1 Continuous survival improvements have been reported for patients receiving ECMO support; these encouraging clinical results led to increased use of ECMO. 2 Meanwhile, technological advances in circuit components and overall improvement in patient management reduced the rate of adverse events during ECMO support. 3 In addition, ECMO support can be maintained safely for a relatively long period. There have been several reports of patients who received prolonged ECMO support. 4 However, there is often a concern about whether ECMO is Clinical outcomes of patients receiving prolonged extracorporeal membrane oxygenation for respiratory support futile in patients with a very low chance of recovery, especially if prolonged ECMO is required. This is partly due to the limited prognostic data for acute respiratory failure patients that require prolonged ECMO, despite the increase in ECMO use and duration. The aim of this study was to investigate the characteristics and clinical outcomes of patients supported with prolonged ECMO for severe acute respiratory failure.
Methods

Study design
This retrospective observational cohort study was conducted using a multicenter registry that collected data from 16 tertiary or university-affiliated hospitals in South Korea between January 2012 and December 2015 (Supplementary Table S1 ). All adult patients age 16 years or over who treated with ECMO for severe acute respiratory failure were eligible for inclusion. Participating centers registered a total of 491 patients during the study period; among them, we excluded 4 patients with no data on total duration of ECMO support.
There were no predefined criteria for indications and contraindications of ECMO and protocol for patients and circuit management during ECMO. The decisions were left to the discretion of each participating center, but usually followed general recommendations in the extracorporeal life support organization guidelines and practices reported by previous studies and delivered modern critical care. This study was approved by the institutional review board of each participating hospital, and the requirement for informed consent was waived because of the study's noninterventional nature.
Data collection and clinical outcomes
Data from ECMO-treated patients was collected by trained study coordinators using a standardized form. 5, 6 The database included the following patient information. (a) Patient's clinical characteristics and therapeutic management before ECMO initiation: age, sex, body weight and height, primary diagnosis of respiratory failure classified into eight categories, sequential organ failure assessment (SOFA) before ECMO initiation, respiratory extracorporeal membrane oxygenation survival prediction (RESP) score (6), predicting death for severe ARDS on VV-ECMO (PRESERVE) score (7) In this study, we defined short-term support as ECMO for ⩽28 days and the long-term support as ECMO for more than28 days. The primary outcome in this study was in-hospital mortality. Secondary outcomes were 6-month mortality after ECMO initiation and intensive-care unit and hospital stay lengths.
Statistical analysis
To compare characteristics and clinical outcomes between the two groups, we analyzed categorical variables using the χ 2 test or Fisher's exact test, where applicable; we presented data as numbers and percentages. We used the Mann-Whitney U test for analyses of continuous variables, which we presented as medians with interquartile ranges. Logistic regression analysis was performed to evaluate the effect of long-term ECMO support and to identify the risk factors for hospital mortality. Variables that had significant association with hospital mortality in the univariable regression analysis at a p value less than 0.05 were eligible for entry into a multivariable regression model. Odds ratios (ORs) of each variable are reported with their 95% confidence intervals (CIs). A p value <0.05 was considered statistically significant. Statistical analyses were performed using SPSS 18.0 for Windows (Chicago, IL, USA).
Results
During the study period, a total of 487 patients received ECMO support for acute respiratory failure, and the median ECMO support duration among all patients was 8 days (4-20 days). Of these patients, 411 (84.4%) received ECMO support for 28 days or less, and 76 (15.6%) received support for more than 28 days.
The baseline clinical characteristics for the two groups are shown in Table 1 . Age, sex, and disease journals.sagepub.com/home/tar 3 severity scores at ECMO initiation were not different between the two groups. However, the proportion of acute exacerbation of interstitial lung disease as a cause of respiratory failure was higher in the long-term group than in the short-term group (22.4% versus 7.5%, p < 0.001). The ventilator parameters before ECMO were similar, but the duration of mechanical ventilation was significantly longer in the long-term group than in the shortterm group (4 days versus 1 day, p < 0.001). In arterial blood gas analysis, the short-term group had lower pH, bicarbonate level, and oxygen saturation. And the short-term group had higher level of creatinine (1.05 mg/dl versus 0.73 mg/dl, p < 0.001) and lactate (2.8 mmol/l versus 1.6 mmol/l, p < 0.001) than the long-term group.
Overall, 303 patients (62.2%) died during hospitalization. When calculated according to ECMO discontinuation week (Figure 1 ), mortality increased from 56.7% (95% CI 50.1-63.1) in the 1st week and peaked in the 4th week at 73.5%
(95% CI 60.0-85.7). The mortality rate appeared to decrease after this point, but the CIs were wide due to decreasing numbers of patients at risk.
The clinical outcomes of patients are presented in Table 2 . There was no significant difference in hospital mortality rate between the short-term and long-term groups (60.8% versus 69.7%, p = 0.141). These results did not differ among centers and time periods (Supplementary Table  S2 Table S5 ), but logistic regression analysis revealed that ECMO support longer than 28 days was not associated with hospital mortality in patients treated with ECMO for respiratory failure (Table 3) . Only four pre-ECMO factors including age, RESP score, peak inspiratory pressure, and platelet counts were independent predictor of hospital mortality in multivariable logistic regression analysis.
Discussion
In this study, we investigated the clinical outcomes in patients receiving ECMO support for more than 28 days for severe acute respiratory failure. Our results indicated that in-hospital mortality among long-term ECMO support patients (>28 days) was not significantly different from that among short-term ECMO support patients (<28 days). There was also no significant Values are given as the median (interquartile range) or n (%). ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.
difference in 6-month mortality rate between the two groups.
The international report from the Extracorporeal Life Support Organization (ELSO) registry showed that the mean ECMO duration in adult patients with respiratory failure was 177 h (7 days) in 2012. 7 Only 4 years later, however, the mean duration increased to 256-325 h (10-14 days) varying according to diagnosis. 2 In conjunction with increases in support duration, the absolute number of patients receiving prolonged ECMO support increased, and approximately 15-20% of all ECMO runs are prolonged, although the definition of prolonged ECMO varies according to study. [8] [9] [10] [11] Despite continuous improvements in survival for adults supported with ECMO, prolonged ECMO often causes physicians to question the utility of this costly treatment. 2 Posluszny and colleagues showed that prolonged ECMO cases between 2007 and 2013 had better clinical outcomes than those between 1989 and 2006, but even the improved survival rate of prolonged ECMO in the later period was significantly lower than that from overall ECMO-support cases or short-term ECMO-support cases, which supports physicians' futility concerns. 8 However, in two recent single-center studies, the survival rate of patients receiving ECMO support for 21 days or more was not different from that of patients receiving ECMO for less than 21 days. 10, 11 In addition, Camboni and colleagues divided 127 patients who required veno-venous ECMO support into short-term (⩽10 days), intermediateterm (11-20 days) , and long-term (>21 days) groups and found that the survival to discharge rate in the long-term group was not worse than that of the short-term or intermediate-term group. 9 Considering that lungs have vast recovery potential after acute injury, depending on both the underlying pulmonary function before ECMO and the primary cause of acute respiratory failure, the difference in duration of native lung recovery might depend on prognosis regardless of short-or long-term ECMO support. 12 Several studies reported that patients receiving prolonged ECMO had a longer duration of mechanical ventilation before ECMO, 8, 10, 11 in consistent with this study. In addition, the proportion of patients with acute respiratory failure due to acute exacerbation of interstitial lung disease was much higher among those receiving prolonged ECMO. Even now, it is difficult to accurately conclude whether patients with these characteristics actually require a longer recovery time and whether the repair process will continue after a specific time period. Further studies focusing on these questions are needed to identify which patients are expected to require prolonged ECMO. Although this study provides additional information on prolonged ECMO for respiratory support with relatively large sample size from a national registry, our study has some limitations that should be considered. First, because it was conducted as a retrospective cohort study, there is always the possibility of selection bias influencing the significance of our findings. However, the data were collected from all patients consecutively treated with ECMO for respiratory failure at the majority of ECMO centers in Korea. Thus, our cohort is more likely to reflect the patients in routine ECMO practice in Korea. Nonetheless, a registry-based dataset has the inherent limitation of reflecting the pooled submitted data of multicenters with different treatment practices. Second, we arbitrarily choose ECMO support longer than 28 days for the long-term support, but there is no consensus on the definition of long-term ECMO support yet. As our interest was not merely to identify the survival of patients receiving ECMO over a long period of time, but rather whether maintaining long-term ECMO support is futile, we thought that it would be reasonable to define long-term ECMO based on consideration of clinical course of ARDS and role of ECMO support. In previous studies, the mortality rate of patients with ARDS was reached a plateau after 3-4 weeks. [13] [14] [15] Respiratory support and minimization of ventilator induced lung injury via ECMO may theoretically provide opportunity for recovery in patients with progressive lung injury during this period. Therefore, we defined the patients who required ECMO more than 28 days as a long-term group. Third, the mortality rate in our cohort was higher than the reported mortality rate of patients received ECMO for respiratory support in ELSO. We think that difference in knowledge and experience of medical treatment and circuit management for patient receiving ECMO by country may partly affect the difference in mortality rates. A recent study showed that the survival rates of ECMO supported respiratory failure patients were gradually improved over time in Korea, and this result supports our assumptions. 16 Last, ethical issues in patients requiring prolonged ECMO support, such as determining futility or maintenance of ECMO support, is different among countries, our findings have limitations in their generalizability to other population. However, our data suggest that timing for determining futility could be delayed.
In summary, short-and long-term survival rates among patients receiving ECMO support for more than 28 days for severe acute respiratory failure were not worse than those among patients receiving ECMO for 28 days or less. Our findings indicate that, if the patient was being appropriately supported with ECMO while also receiving support to prevent additional lung injury, extrapulmonary organ failure, or ECMO-related complications for a period of time sufficient for native lung recovery, then long ECMO duration itself does not indicate poor prognosis. Therefore, ECMO duration should not be used as a guide to determine when treatment has become futile and should be withdrawn.
